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FLAT PANEL DISPLAY 



rpnsS-REFERE"™ TO RELATED APPLICATION 

This application claims the benefit of Korean Patent Application No. 2002-61082 filed on 
October 7, 2003 and Korean Patent Application No. 2003-24508 filed on April 17, 2003, the 
disclosures of which are hereby incorporated herein by reference in their entirety. 

P Ari^r.ttOITND OF T HE INVENTION 

1 . Field of the invention 

The present invention relates to an aetive matrix flat panel display, more particularly, to 
an organie light emitting diode capable of generating proper Inminance and extending life cycle 
by controlling the amount of current flowing through an organic electroluminescent (EL) device 
per unit pixels. 

2 . Description of Related Art 

Although an active matrix organic light emitting diode (AMOLED) that is a flat panel 
display gradually requires a high-resolution parrel, there have been much difficulties fabricating 
the high-resolution panel due to characteristics of the organic electroluminescent device and the 
driving transistor for driving the organic electroluminescent device. 

For example, in caseof a 5" WVGA AMOLED having pixel size of 45.5 1^ x 136.5 p 
and resolution of 180 ppi or more, luminance of 50 cdV per unit area is generated, and it is 
preferable that a proper amount of current flows to the EL (electroluminescent) device per unit 
pixel to generate the luminance since luminance per unit area is greatly increased by current 
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unit area flows through ,he EL device to radiate a pixel, namely, an EL deviee. 

FIG 1 illustrates an equivalent eireui. diagram for a unit pixel in a conventional acttve 
matrix organic light emitting diode. Rererrmg to FK, ,, a convention^ organic Ugh, emittmg 

lta e ,30. The unit pixel 150 include, two p type thin film — rs (TFTs) of switching 

■ ♦ 1 « one caoacitor 153 and one organic electroluminescent 
transistor 151 and driving transistor 155, one capacitor 

10 (EL) device 157. 

^ughtheswitchingtransistorlSl.nameiy.avoUagedifferencCVg.hetween gate and source. 
15 ^ capaertor ,53 plays a role of maintaining a vohage drfference (Vgs) herween the gate and 
the source of the driving transistor 155. 

f Hrivino transistor in a conventional organic light 
FIG. 2 illustrates a plane structure of driving transistor in 

emitting diode. 

Referring to FIG. 2, a conventional driving transistor comprises a semiconductor ,ayer 
20 220 gate electrode 240 and source/drain erodes 26, and 265. The semiconductor ,ayer 220 

concentration source/drain regrons 22, and 225 formed on both sides of the channe, region 224. 
The source/drain Cectrodes 26,and 265 are CectricaUy connec.ed to the high —on 
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source/drain regions 221 and 225 through contact holes 251 and 255. 

A TFT fabricated using a low temperature polysilicon film is used as the driving 
transistor, wherein the low temperature polysilieon film is suitab.e for a current driving type 
AMOLED (active matrix organic light emitting diode) since the low temperature polygon film 

to the EL device through the driving transistor is increased, and hrminance is excessively 

an AMOLED of ,80 ppi or more. Final.y, mere are prob,ems in .he AMOLED of .80 ppi or 
more that life cycle of the EL dev.ee is reduced as current density per unit area is increased. 

Namely, referring to FIG. 9 fflustraung a re.ation of drain current (Id) to gate vohage 
(Vg) of the driving transistor, Ore amount of current of ) * or more that is about 1-oder larger 
man 90 nA, an on current value suitable for light emining diodes of 180 ppi or more, flows 
ttuough the driving .resistor 1 55 in a convention, organic Ugh. emitting diode. Therefore, .here 

15 suitable for an AMOLED of 180 ppi or more. 

On the other hand, there are problems of high leakage current aflhough the amount of 
current flowing to .he EL device through .he driving transistor can be reduced if a thin film 
transistor (a-Si TFT) formed of amorphous silicon is applied <o driving transistor of .he 
AMOLED. 
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SUMMARY TffF INVENTION 

Therefore, in order to solve the foregoing problems of the prior art, it is an object of the 
to provide an active matrix organic light emitting diode capable of obtaining 
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proper luminance and extending life cycle. 

lt is another object of the present invention to provide an aetive matrix organic Ugh, 
emitting diode capable of obtaining a proper luminance per unit area by controlling the amount 
of current flowing to an organic electroluminescent device. 

It is anotber obiec, of the present invention to provide an active matrix organic Ugh. 

stance va,ue of driving — r, .hereby control.tng the amount of current flowing .0 an 

organic electroluminescent device. 

„ is m attother object of the present invention .0 provide a high-speed flat pane, dispiay 

high-speed and controlling current flowing .0 the organic e.ectroluminoscen, device by dnvtng 
transistor. 

„ is still another obiec, of me present invention ,0 provide an active matrix organic Ugh. 
emitting diode suitable for small-scale high resolution. 

ht order to achieve the foregoing objects, the present invention provides a flat panel 
dispiay comprising a luminescent device; and firs, and second transistors for driving ,he 
taninescen, device, wherein me firs, and second transistors have different resistance values. 

The firs, transistor is driving ,ransis,or for driving me luminescent device, the second 
transis ,„r is switching — for switching on and off of the driving — r, and me driving 
20 transistor has a higher resistance value ,han the switching transistor. 

A transistor having a higher resis,a„ce in the firs, and second transistors includes multtp.e 
gates, a semiconductor .ayer having high concentrafion source/drain regions, and an offset region 
of high resistance formed on the semiconductor layer between the multiple gates. 
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A transistor having a higher resistance in the firs, and second transistors includes a gate 
electrode, high concentration source/drain regions formed on both sides of the gate electrode, 
md an offset region of high resistance formed between the gate e.eetrode and the dram region. 
The offset region is formed in a zigzag shape and is comprised of an impurity regron on 
5 W hieh .ow concentration impurities having the same conductivity type as the high concentration 
source/drain regions are doped as a who.e or partial*, or an intrinsic region on which impurit.es 
are not doped. 

The transistor having a higher resistance va.ue in .be first and second transistors indudes 
concentration source/drain regions having different geometrical structure to have different 
,„ resistance values, and a region connected to the —en, device in the high concentration 
source/drain regions has a higher resistance va.ue compared with the other region. 

The transistor having a higher resistance in the firs, and second transistors includes high 
concentration source/drain regions having different siz.es .0 have different resistance va,ues, and 
a region connected .0 the hnninescen, device in .he high concentration source/drain regions has a 
15 smaner size compared with the other region. The region connected to the ,uminescen, device in 
the high concentration source/drain regions of the transistor has the same width and a .onger 
,e„gth, or Che same length and a narrower width compared with the other region. 

Furthemrore, the present invention provides a flat panel display comprising R, G and B 
uni. pixels, wherein a, least one unit pixe! of me R, G and B unit pixe.s includes a. leas, two or 
20 more — having source/drain regions, wherein a, leas, drain region in .he source/drain 
regions of at .east one transistor in me transfers has a resistance value different from a, .east 

drain region of the other transistor. 

Furthermore, the present invention provides a flat panel display comprising R, G and B 
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unit pixels, wherein at least one unit pixel of the R, G and B unit pixels includes at least two or 
more transistors, wherein a gate region of at least one transistor in the transistors has a resistance 
value different from a gate region of the other transistor. 

The drain regions or the gate regions of the at least one transistor and the other transistor 
5 have resistance values which are different from each other by doping concentration difference or 
shape difference of the drain regions or the gate regions. The drain region or gate region of the at 
least one transistor is a region which is the same conductivity type as the drain region or the gate 
region of the other transistor, and on which low concentration impurities are doped as a whole or 
partially, or a region on which impurities are not doped. The drain region or the gate region of 
,0 the at least one transistor are formed in a zigzag shape and has a longer length, or a narrower 
width compared with the drain region or the gate region of the other transistor. 

The at least one transistor includes a drain region which is an offset region of high 
resistance, or multiple gates between which an offset region of high resistance is formed. 
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RPTFF DESCRIPTION ™ THF DRAWINGS 

Further objects and advantages of the invention can be more fully understood from the 
following detailed description taken in conjunction with the accompanying drawings in which: 
FIG.l is an equivalent circuit diagram for unit pixel in a conventional active matrix 

organic light emitting diode; 

FIG. 2 is a drawing illustrating a plane structure of driving transistor in a conventional 

active matrix organic light emitting diode; 

FIG. 3A is a plane structural view of driving transistor including multiple gates in an 
active matrix organic light emitting diode according to first preferred embodiment of the present 
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invention; 

FIG. 3B is a cross section structural view of driving transistor including multiple gates in 
an active matrix organic light emitting diode according to first preferred embodiment of the 
present invention; 

FIG. 4A is a plane structural view of driving transistor including multiple gates in an 
active matrix organic light emitting diode according to second preferred embodiment of the 
present invention; 

FIG. 4B is a cross section structural view of driving transistor including multiple gates in 
an active matrix organic light emitting diode according to second preferred embodiment of the 

10 present invention; 

FIG. 5 A is a plane structural view of driving transistor including multiple gates in an 
active matrix organic light emitting diode according to third preferred embodiment of the present 
invention; 

FIG. 5B is a cross section structural view of driving transistor including multiple gates in 
15 an active matrix organic light emitting diode according to third preferred embodiment of the 
present invention; 

FIG. 6A is a plane structural view of driving transistor including multiple gates in an 
active matrix organic light emitting diode according to fourth preferred embodiment of the 
present invention; 

FIG. 6B is a cross section structural view of driving transistor including multiple gates in 
an active matrix organic light emitting diode according to fourth preferred embodiment of the 
present invention; 

FIG. 7 is a plane structural view of driving transistor including offset region in an active 
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ma trix organic light emitting diode according ,o fifth preferred embodiment of .he present 
invention; 

FIG. 8 is a plane strucbrral view of driving transistor including offset region in an active 
mat rix organic fight emitting diode according to sixth preferred embodiment of fire present 
invention; and 

FIG. 9 is a drawing showing driving current for gate voltage of driving transistor in a 
conventional active matrix organic light emitting diode. 

ffrT . ,, .n mt srBIPTION OF ™" INVENTION 

The present inventiou will now be described in detail in connection with preferred 
embodiments with reference to the accompanying drawings. For reference, like reference 
characters designate corresponding parts throughout several views. 

FIG. 3A to FIG. 3B illustrate plane structure and cross sectional structure of a driving 
transistor in an organic light emitting diode according to first preferred embodiment of the 
present invention, wherein the FIG. 3B is a cross sectional view taken along a line 3B-3B' of FIG. 
3A. The driving transistor comprises gate electrode formed as multiple gates and offset region 
m is high resistance region formed on semiconductor layer between the multiple gates to 
control the amount of current flowing to an EL device. 

Referring to FIG. 3A and FIG. 3B, the driving transistor according to the first preferred 
„ embodiment of the present invention includes semiconductor .ayer 320, gate e.ectrode 340, and 
sonrce/drain decodes 361 and365. The gate electrode 340 includes multiple gates 341 and 345 
corresponding to the semiconductor layer 320. The source/drain electrodes 361and 365 are 
electrically contacted with high concentration source/drain regions 321 and 325 formed on the 
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semiconductor layer 320 through contacts 351 and 355, respectively. 

fc se.niconduc.or layer 320 includes multiple channel regions 323 and 327 formed on a 
par, corresponding to the multiple gates 34, and 345, the high concentration source/drain regions 
321 and 325 formed on one S ide of the channel layers 323 and 327 and offset region 330 formed 
, between the multiple gates 34. and 345, namely, the multiple channel regions 323 and 327, and 

has a " 11 " character shaped structure. 

The offset region 330 of the high resistance region is comprised of a low concentration 
impurity region on which impurities having the same conductivity type as the high concentration 
source/drain regions 321 and 325 are doped in a lower concentration than doping concentration 
10 of the source/drain regions 32, and 325, or an intrinsic region on which impurities are no, doped. 
An electric current (Id) flowing through the driving transistor is decreased, and the 
amount of current flowing through an EL device 1 57 is also decreased accordingly since a 
resistance value between node a and node c of FIG. 1 is increased by the offset region 330 
formed between the multiple gates 341 and 345 of the driving transistor when the driving 
,3 transistor is turned on. Therefore, the driving transistor contro.s the amount of current flowing 
through the EL device 157 per unit pixel. 

In an organic light emitting diode according to firs, prefen-ed emhodimen. of .he present 
invention, the switching transistor is applied in a structure used in the conventional organic 
electioluminescen. devices, e.g., a structure illustrated as in FIG. 2, and the driving transistor 
20 forms the offset region 330 having a high resistance between tire multiple gates 34, and 345 as 
described in the above. Therefore, the amount of current flowing to the EL device is reduced 
according to size (Wd/Ld) of the offset region 330 or the doping concenlration of tire offset 
region 330 as maintaining high speed switching operation as it is in the firs, preferred 
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embodiment of the present invention. 

HO 4A and FIG. 4B illustrate plane and cross sectional statutes of a driving — 
inanotsanicli^emi.tingdiodeaccotd.ngtoseeondptefettedemWimen.of.heptesen. 

5 4A The driving transistor according to the second preferred embodiment controls the amount of 
enrren, flowing through the EL device by forming multiple gates as a gate electrode and 

Referring to FIG. 4A and FIG. 4B, the driving transistor according to the second 
pr eferr rf embodimen,sfo n „edb y changingshapeofasemiconduc,or.a y er420andhasthe 

mi 445 are formed in a zigzag shape differently from the firs, preferred embodiment so that a 
distance vahte of .he driving translator is increased. The zigzag shaped offset region 430 ,s a 
^rests^ceregionofa.owconcentrationimpurityregiononwhichthesameconductiv.ty 

15 impurities as high concen.rat.on source/drain regions 46! and 465 are doped at a ,ow 

and 465 are partially doped. 

m an organic Ugh, enuring diode according to the second preferred embodiment, the 
amount of current flowing to an EL device is reduced as main.in.ng high speed switching 
operation as it i s bychang,ngshapeofmeoffse.re g ,on4 3 0.ha,i S ahighresisUnceregionand 
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resistance value of the driving transistor. 

FIG. 5A and FIG. 5B illustrate plane and cross sectional structures of the driving 
Viator in an organic light emitting diode according to third preferred embodiment of the 
present invention, wherein FIG. 5B illustrates a cross seetional view taken along a line 5B-5B' of 
, FIG. 5A. The driving transistor according to me third preferred embodiment controls the amount 
of current flowing through an EL device by forming multiple gates as a gate electrode and 
changing the doping state of an offset region that is a high resistance region between the multiple 
gates. 

Referring to FIG. 5A and FIG. 5B, the driving transistor according to the third preferred 
,„ embodiment in which the doping state of an offset region is changed has the almost similar 
structure .0 the driving transistor according .0 .he firs, preferred embodiment illustrated in FIG. 
3A and FIG. 3B except (ha. the offset region 530 between .he multiple gates 541 and 545 is 
partially doped in the third preferred embodiment while an offset region 330 between multiple 
gates 341 and 345 is doped as a whole or not doped in the firs, preferred embodiment. 

That is, the offset region 530 of the driving transistor according ,0 the third preferred 
embodiment is eonsisted of portions 535 on which the same conductivity type low concentration 
impurities as high concentration source/drain regions 561 and 565 are doped and a portion 531 
between .he portions 535 on which impurities are not doped. 

An organic light emitting diode according to the third preferred embodiment of the 
20 present invention reduces the amount of current flowing .0 an EL device as maintaining high 
speed switching operation as i, is by forming a high resistance offset region 530 on which 
impurities are partially doped between the multiple gates 541 and 545 of the driving tiansis.or. 
Therefore, a high-speed display device capable of emitting light to a desired proper luminance 
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according to the doping state of the offset region 530, namely, length of offset (Ldoff) of a 
portion 531 in the offset region 530 on whieh impurities are not doped oan be realized. 

FIG. 6A and FIG. 6B illustrate plane and cross sectional structures of driving transistor in 
an organic light emitting diode according to fourth preferred embodiment of the present 
invention, wherein FIG. 6B is illustrates a cross sectional view taken along a line 6B-6B' of FIG. 
6A. The driving transistor according to the fourth preferred embodiment of the present invention 
controls the amount of current flowing through an EL device by forming multiple gates as a gate 
electrode and changing width of an offset region that is a high resistance region between the 
multiple gates. 

Referring to FIG. 6A and FIG. 6B, the driving transistor according to the fourth preferred 
embodiment in which width of the offset region is changed has a structure almost similar to the 
driving transistor according to the first preferred embodiment illustrated in FIG. 3 A and FIG. 3B 
except that the offset region 630 bertveen the multiple gates 641 ard 645 has width narrower than 
that of the offset region 330 of the driving transistor of the first preferred embodiment. 

That is, in the offset region 630 of the driving transistor according to the fourth preferred 
embodiment, a resistance value of the driving transistor is reduced by narrowing width compared 
with the first preferred embodiment as maintaining length (Ld) equally to that in the first 
prefened embodiment, thereby changing size (Wd/Ld) of the offset region 630, wherein the 
offset region 630 is a high resistance region on which low concentration impurities having the 
same conductivity type as high concentration source/drain regions 661 and 665 are doped or not 
doped. 

In an organic light emitting diode according to the fourth preferred embodiment, the 
driving transistor reduces the amount of current flowing to the EL device as maintaining high 
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speed switching operation of the pitching transistor as i, is by changing size of the offset region 
630 of high resistance formed between the multiple gates 64, and 645 of the driving transistor. 

In the driving transistors of the first to fourth preferred embodiments of the present 
invention, various structures capable of changing resistance vahres of the driving transistors can 
he applied ,o the semiconductor layer and gates although tire semiconductor .ayer is formed in a 
« C » chara c,er shaped structure, and the gate electrode is formed as dual gates. 

An organic light emitting diode of high switching and low current consumption can be 
reaped in the first to fourth preferred embodiments of tire present invention by forming the 
driving transistor in such a way that the gate region of the transistor has a resistance value 
different from that of the gate region of the switching transistor by various changes of doping 
and shape of the offset region, thereby controlling the amount of current flowing to the EL 
device if gate region of switching transistor is a channel region under the gate, and gate region of 
driving transistor is an offset region between m«.tip.e gates as well as multip.e channel regions 
under the multiple gates. 

15 FIG. 7 iflustta.es a plane structure of driving transistor in an organic light emitting diode 

according to fifth preferred embodiment of the present invention. 

Referring to FIG. 7, the driving transistor according to the fifth preferred embodiment 
eomprises a semiconductor layer 720, a gate e.ectrode 740 m d source/drain e.ectrodes 76, and 
765. Tbe semiconductor layer 720 comprises a channel region 724 eorresponding to the gate 
, Cectrode 740, and high concentration source/drain repons 72, and 725 formed a, both sides of 
the channe, region 724. Tbe high concentration source/drain regions 72, and 725 are e.ectricafly 
contacted with the source/drain electrodes 761 and 765 through contacts 75 , and 755. 

Furthermore, the semiconductor layer 720 further comprises high resistance offset 
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regions 723 and 727 which are formed between the gate electrode 740 and the source/drain 
regions 721 and 725 respectively. The offset regions 723 and 727 are a high resistance region 
comprised of a low concentration impurity region on which low concentration impurities having 
the same conductivity type as the high concentration source/drain regions 721 and 725 are doped, 
5 „r an intrinsic region on which impurities are no. doped. Furthermore, the offset regions 723 and 
727 can be formed in a high resistance region on which low concentration impurities having the 
same conductivity type as the high concentration source/drain regions 72! and 725 are partial.y 
doped. 

The driving transistor according to the fifth preferred embodiment reduces the amount of 
„ current flowing through an EL device 1 57 by forming a high resistance region 727 between the 
gare electrode 740 and the high concentration drain region 725 so that a resistance value of me 
drain region 725 (node d in FIG. 1) during turning on of the driving transistor is increased, 
thereby reducing current (Id) flowing through the driving transistor. 

I„ an organic light emitting diode according to the fifth preferred embodiment, the 
„ driving transistor reduces the amount of current flowing to the EL device as maintaining high 
speed switching operation of the switching transistor as it is by changing resistance vahre of the 
driving transistor according to size and doping concentration of the high resistance offset region 
730 of the driving transistor. 

FIG. 8 illustrates a plane structure of driving transistor in an organic light emitting diode 
20 according to sixth preferred embodiment of the present invention. 

Referring to FIG. 8, the driving transistor in an organic light emitting diode according to 
sixth preferred embodiment of the present invention has a structure that is almost similar to the 
driving transistor according to the fifth preferred embodiment iflustrated in FIG. 7 except that a 
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drain offset region 827 is formed in a zigzag shape. The drain offset region 827 is a high 
resistance region comprised of a low concentration impurity region on which the same 
conductivity type low concentration impurities as the high concentration source/drain regions 
821 and 825 are doped, or an intrinsic region on which impurities are not doped. 

Furthermore, the zigzag shaped drain offset region 827 can be formed in a high resistance 
region on which the same conductivity type low concentration impurities as high concentration 
source/drain regions 821 and 825 are partially doped. 

In an organic light emitting diode according to sixth preferred embodiment of the present 
invention, the driving transistor reduces the amount of current flowing to the EL device as 
10 maintaining high speed switching operation of the switching transistor as it is by changing shape 
of the high resistance offset region 827 of driving transistor, thereby changing a resistance value 

of the driving transistor. 

Although shape is changed by forming an offset region on a drain region in the sixth 
preferred embodiment of the present invention, a drain resistance value can be changed not by 
15 forming the offset region on the drain region, but by changing shape of the drain region in a 
zigzag shape, or by changing size (W/L) of the drain region. 

The offset region is formed on the source/drain regions of the driving transistor in the 
fifth and sixth preferred embodiments of the present invention, but the offset region can be 
formed on the drain region only without formation of the offset region on the source region. 
20 Furthermore, the drain offset region can be formed in various structures besides the zigzag shape 
to change resistance value of the drain region. 

On the other hand, another method for changing the resistance value of the drain offset 
region includes a method for changing size, (Wd/Ld), of the drain offset region, wherein the 
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method relatively reduces the amount of current flowing through the drain region by increasing 
length in the state that width of the offset region is constant or decreasing width in the state that 
length of the offset region is constant, thereby reducing size (Wd/Ld) of the offset region. 

In the fifth to sixth preferred embodiments of the present invention, an organic light 
emitting diode of high speed switching and low current consumption can be realized by variously 
changing doping and shape of drain region including the offset region of driving transistor so 
that the drain region of the driving transistor has a resistance value different from that of the 
drain region of switching transistor, thereby controlling the amount of current flowing to the EL 
device. 

B Although thin film transistors according to the first to sixth preferred embodiments of the 

present invention are explained on switching transistor and driving transistor composing one 
pixel as described in the above, the thin film transistors are not only applied to all unit pixels R, 
G and B composing one pixel, but also applied to a relevant unit pixel only in the R, G and B 
unit pixels. 

l5 In an organic light emitting diode according to the foregoing preferred embodiment of the 

present invention, the switching transistor is formed of an ordinary polysilicon TFT, and the 
driving transistor is formed by changing doping concentration or geometrical shape of multiple 
gates, or changing doping concentration or geometrical shape of the drain region and drain offset 
region so as to increase a resistance value. Therefore, the switching transistor performs high 

20 speed switching operation, and the driving transistor controls the amount of current flowing to 
the EL device according to the resistance value so as to obtain desired proper luminance. 
Furthermore, an organic light emitting diode according to the foregoing preferred embodiment of 
the present invention extends life span of the device by generating appropriate luminance in a 
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flat panel display device as the amount of current flowing to the EL device is being controlled. 

Furthermore, an organic light emitting diode according to the foregoing preferred 
embodiment of the present invention has merits in that reduction problems of opening ratio are 
solved, and reliability is improved by controlling only the amount of current flowing to an 
organic electroluminescent device without increasing of an area occupied by the driving 

transistor per each pixel. 

While the invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that the foregoing 
and other changes in form and details may be made therein without departing from the spirit and 
scope of the invention. 
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